Abstract. Cluster of differentiation (CD)151, a member of tetraspanin family, is considered to be the first tetraspanin to be associated with tumor metastasis. Previous studies in vivo, in vitro and in the clinic have demonstrated that CD151 is involved in tumor progression at different levels through interaction with integrins, growth factor receptors and matrix metalloproteinases. Transcatheter arterial chemoembolization (TACE) is widely recommended for the treatment of patients with advanced hepatocellular carcinoma (HCC) worldwide. It has been hypothesized that TACE may create a hypoxic-ischemic environment that increases the expression of tumor progression-associated factors, promotes the angiogenesis of HCC, and initiates the recurrence and metastasis of HCC. Whether TACE promotes HCC progression remains controversial and numerous studies have focused on the influence of TACE on a number of tumor progression-associated factors. In the present study, the expression of serum CD151 in patients with HCC prior to and following TACE and its association with clinicopathological characteristics was investigated. It was revealed that the expression level of CD151 at 5-7 days post-TACE was significantly increased compared with pre-TACE levels. Risk factors and protective factors associated with tumor progression following a single TACE procedure and 18 months of follow-up were also identified. Furthermore, the present study revealed that a pre-TACE CD151 level of >0.3247 ng/ml and a 5-7 days post-TACE CD151 level of >0.3146 ng/ml revealed moderate sensitivity and specificity for predicting HCC progression following a single TACE procedure. The present study highlights CD151 as a useful marker in predicting the response to treatment and monitoring the disease course following TACE.
Introduction
Hepatocellular carcinoma (HCC) is the most common primary malignant cancer in the liver, accounting for ~90% of liver cancer cases and ranking as the fifth most common cancerous disease in males and the ninth in females worldwide in 2012 (1) . In total, 30-40% of patients with HCC in Asia are suitable for potentially curative therapy, including surgical resection and liver transplantation, since patients are often diagnosed at moderate and advanced stages (2) .
Transcatheter arterial chemoembolization (TACE) is recommended for the treatment of advanced patients with HCC worldwide. This approach is based on blocking the arteries feeding the tumor, causing irreversible damage (3), necrosis and apoptosis of local tumor cells and endothelial cells in an ischemic anoxia environment and thereby inhibiting the growth of tumor cells, as confirmed using two meta analyses (4, 5) . For those patients not eligible to receive surgical resection and who are candidates to receive systemic chemotherapy or conservative treatment, TACE serves as an improved, more tolerable option (6) . TACE may benefit patients with HCC preoperatively and postoperatively. Preoperative TACE may shrink the tumor volume, reduce the blood supply to the tumor, make surgical excisions easier and embolize small, difficult to visualize tumors (7) . Postoperative TACE is used to treat recurrent HCC and may improve the survival rate and slow the progression of the disease (8) .
However, opposing arguments suggest that preoperative TACE may damage liver function, possibly leading to liver failure, and that it may delay surgical resection, make previously resectable liver cancer unresectable and leave residual tumor cells that are more aggressive in cases of poorly-differentiated HCC. Furthermore, incomplete tumor necrosis may reduce the adhesion of tumor cells, allowing them free access
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to the blood, which may result in intrahepatic or extrahepatic metastasis (9) . Postoperative TACE may also damage the residual liver function and activate the hepatitis B virus, which may in turn lead to extrahepatic metastases and a poor prognosis (10, 11) . Whether TACE promotes progression remains controversial, and a number of studies have focused on the influence of TACE on numerous tumor progression-associated factors, including the expression of vascular endothelial growth factor (VEGF) and hypoxia inducible factor 1-α. It has been proposed that TACE may create a hypoxic-ischemic environment that would increase the expression of such factors, promote the angiogenesis of HCC, and initiate the recurrence and metastasis of HCC (12) (13) (14) .
Cluster of differentiation (CD)151 was the first tetraspanin to be associated with tumour metastasis (15) , including gastric, colon, lung and prostate cancer metastasis (16) (17) (18) (19) , and is believed to be associated with a poor prognosis. A previous study conducting an in vitro experiment demonstrated that cells expressing high levels of CD151 secrete more matrix metalloproteinase (MMP)-9 and possess a marked ability for invasion and metastasis, whilst in the same previous study an in vivo experiment demonstrated that patients expressing high levels of CD151 exhibited a decreased overall survival rate at 3, 5 and 7 years and an increased recurrence rate (15) .
The present study aimed to prospectively assess the level of serum CD151 prior to and following TACE, and its association with clinicopathological characteristics.
Materials and methods

Materials and reagents.
The equipment and reagents used in this study included a digital angiography machine (Innova 3100; GE Healthcare, Chicago, IL, USA), a high-pressure injector (Medrad Mark V ProVis; Bayer, Newbury, UK), 2% lidocaine hydrochloride (Shanghai Zhaohui Pharmaceutical Co., Ltd, Shanghai, China), an 18-G puncture needle (Terumo Medical Corporation, Tokyo, Japan), a 5-F arterial sheath (Terumo Medical Corporation), a 5-F Yashiro catheter (Terumo Medical Corporation), a 5-F RH catheter (Terumo Medical Corporation), an 0.035-inch Loach guide wire (Terumo Medical Corporation), a microtubule (Terumo Medical Corporation), micro guide wire (Terumo Medical Corporation), ioversol (100 ml:67.8 g; Jiangsu Hengrui Medicine Co., Ltd., Lianyungang, China), iodinized oil (1 ml; Shandong Luyin Pharmaceutical Co., Shandong, China), pirarubicin (10 mg; Shenzhen Wanle Pharmaceutical Co. Ltd., Shenzhen, China), fluorouracil (10 ml: 0.25 g; Hainan Zhonghua United Pharmaceutical Industry Co. Ltd., Hainan, China), nedaplatin (10 mg; Aosaikang Pharmaceutical Co. Ltd., Jiangsu, China), a CD151 ELISA detection kit (cat. no. CSB-EL00HU; Cusabio Life Science, Baltimore, MD, USA), a high-speed centrifuge (Thermo Fisher Scientific, Inc., Waltham, MA, USA), a microplate absorbance reader (Thermo Fisher Scientific, Inc.) and a pipettor (Eppendorf, Hamburg, Germany).
Inclusion/exclusion criteria. The inclusion criteria were as follows: Patients with HCC, regardless of primary or recurrent disease or metastasis, with a diagnosis based on clinical symptoms (emaciation, anorexia, abdominal distension, abdominal pain or liver mass, etc.) and imaging [liver mass on computed tomography (CT) or magnetic resonance imaging (MRI)] and a serological α-fetoprotein (AFP) level of >400 ng/ml or confirmation using pathological analysis. The exclusion criteria consisted of patients with HCC confirmed clinically or pathologically but who rejected TACE.
Serum specimen collection and conservation. The present study was approved by Ethics Committee of the Second Xiangya Hospital (Changsha, China) and written informed consent was collected from each patient who took part in this study. Blood specimens were collected pre-TACE, at 5-7 days post-TACE and at 30 days post-TACE. Samples were centrifuged in a high-speed centrifuge (1,006.2 x g at 4˚C for 3 min) and the serum was collected and stored in Eppendorf tubes at -70˚C.
TACE procedures.
Radiologists at the Second Xiangya Hospital performed TACE procedures. Following anesthesia of the right femoral artery sheath with 2% lidocaine and deposition of a 5-F arterial sheath, a vascular catheter was inserted into the celiac artery. Following conventional hepatic angiography, a vascular catheter was subsequently inserted superselectively into the branch of the hepatic artery that was believed to feed the tumor. Chemoembolization was then performed. Lipiodol (10 ml) was mixed with 40 mg pirarubicin, 80 mg nedaplatin and 1 g fluorouracil to create an emulsified milky solution. The emulsion was slowly infused into the liver tumor. The dose administered depended on the size of the HCC tumor, the position of the catheter, the patient's liver function, and the patient's tolerance and response to previous courses of TACE. The embolization procedure was abandoned if the patient was unable to tolerate treatment or approached predetermined limits of 15 ml emulsion or the emulsion flow showed stasis or backflow.
ELISA measurement of serum CD151. A detection kit for human serum CD151 was used according to the manufacturer's protocol. The minimum concentration of human CD151 that could be detected was 0.039 ng/ml. Optical density (OD) values were transformed to the concentration of serum CD151. Standard curves were calculated using the standard provided with the kit. The standard specimen information is presented in Table I . Based on the OD values measured using ELISA and the corresponding concentration of CD151, a scatter diagram was created and the following equation/values were obtained: y=0.1406e 5.1986x , R 2 =0.9514 (Fig. 1) . Single-factor and multi-factor logistic regression analyses were used to assess the risk factors associated with the progression of HCC. Receiver operating characteristic (ROC) curves were generated to assess CD151 expression in predicting the progression of HCC. Threshold values for neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR) and platelet count were based on previous studies (20) (21) (22) . A two-tailed P-value of <0.05 was considered to indicate a statistically significant difference.
Results
Clinical data of the included patients.
Patients with HCC (n=28) were selected, including 26 males and 2 females. A total of 21 patients had not previously received TACE, while 7 patients had previously received TACE. The majority of patients were diagnosed according to their clinical symptoms, together with imaging results and serum AFP levels (>400 ng/ml), while the 7 remaining patients were diagnosed using pathological analysis through CT-guided biopsy due to serum AFP levels being below the aforementioned threshold.
The mean average age of these patients was 49.8±17.7 years (range, 22-72 years). Hepatitis B surface antigen (HBsAg) positivity was identified in 23/28 patients. Of all the selected patients, 24 were classified as Child-Pugh A and 4 as Child-Pugh B (23). The tumor mass measured 8.5-13 cm in the treatment-naïve patients. Portal thrombus was identified in 10 patients. A total of 9 patients had recurrent or metastatic HCC presenting with multiple nodules upon imaging. The 7 patients who had received TACE previously exhibited poor iodinized oil deposition and required intensive therapy. The baseline clinical data are presented in Table II . Table III .
Serum CD151 expression 5-7 days post-TACE and the association with the baseline clinical data.
The expression levels of CD151 5-7 days post-TACE and the association with the baseline clinical data were analyzed, and the Mann Whitney test revealed that the expression of CD151 5-7 days post-TACE was significantly increased in recurrent or metastatic HCC compared with primary HCC (P=0.004; Table III) .
Comparison of CD151 expression pre-TACE and at 5-7 days post-TACE. The mean average CD151 expression level pre-TACE was 0.35 ng/ml, compared with 0.46 ng/ml at 5-7 days post-TACE, with the paired t-test revealing a statistically significant difference between time points (P<0.001; Table IV ; Fig. 2 ).
Comparison of CD151 expression pre-TACE and at 30 days post-TACE. Serum specimens from 12 patients with HCC who were not previously treated were obtained at 30 days post-TACE. A paired student's t-test revealed no significant difference in the expression of CD151 pre-TACE and at 30 days post-TACE (Table V ; Fig. 3 ).
CD151 expression pre-and post-TACE. Among the 12 patients who provided serum samples for all three time points, the mean average levels of CD151 expression pre-TACE, at 5-7 days post-TACE and at 30 days post-TACE were 0.35, 0.41 and 0.42 ng/ml, respectively. These results identified a tendency for a rapid increase followed by a relatively slower increase, although no statistically significant differences were identified (P=0.44; Fig. 4 ).
Follow-up standard. Imaging and digital subtraction angiography findings for patients who received a second TACE treatment were reviewed, and the Response Evaluation Criteria for Solid Tumors (24) were modified and applied for assessment of the progression of HCC. During imaging analysis, tumor progression was reported if the largest diameter of the mass had increased since the previous examination or if a new A stock solution was used to produce a 2-fold dilution series (S5-S1). Sample diluent served as the zero standard (0 ng/ml). mass or nodule was noted beside the previous mass (Fig. 5) . On the digital subtraction angiograph, tumor progression was considered if the feeding blood vessels had increased in size or vascularity and were disordered. However, if the mass did not exhibit any marked change in size or vascularity, the tumor was not considered to have progressed and remained under control (Fig. 6 ).
Follow-up data. During the 18-month follow-up period, 9/28 patients were lost to follow-up and 2 outpatients exhibited tumor progression and did not receive additional treatment. A total of 11 patients were regarded as censored. The remaining 17 patients received the second TACE treatment within the first 2 months. At the 7-month interval, 12 patients had survived and received another TACE treatment. By the 1-year interval, 9 patients had survived. At the end of 18 months, 5 patients remained (Table VI) . Using these data, the approximate survival rate was calculated, revealing a decrease in overall survival rate with time ( Fig. 7) .
Risk factors associated with the progression of HCC for patients receiving their first TACE.
Following the first TACE treatment, 9 patients were censored and classed as exhibiting tumor progression. For the remaining 19 patients, their medical records were reviewed, along with angiography and CT or MRI images. A total of 9 patients demonstrated marked tumor progression, while the other 10 patients exhibited no tumor progression. In total, there were 18 patients with tumor progression and 10 patients with no tumor progression. Single-factor analysis identified that preoperative high levels of AFP (>400 ng/ml), CD151 expression pre-TACE and CD151 expression 5-7 days post-TACE were risk factors for tumor progression following a single TACE treatment. Embolism volume was a protective factor. Multiple factor analysis failed to provide significant results (Table VII) . The predictive value of CD151 expression pre-TACE and 5-7 days post-TACE for tumor progression was analyzed. ROC analysis revealed that for a CD151 expression level of >0.3247 ng/ml pre-TACE, the sensitivity and specificity to predict tumor progression were 66.7 and 80.0%, respectively, with an area under the curve (AUC) of 0.753 (95% confidence interval (CI), 0.554-0.895; P=0.007). For a CD151 expression level of >0.3146 ng/ml at 5-7 days post-TACE, the sensitivity and specificity to predict tumor progression were 94.4 and 50.0%, respectively, with an AUC of 0.761 (95% CI, 0.563-0.901; P=0.007) (Fig. 8) .
Risk factors associated with the progression of HCC for patients at the end of follow-up. The patients were followed up for 18 months. A total of 5 patients exhibited no marked tumor progression, while 14 patients presented with hepatic masses that grew larger or exhibited blood vessels of increased size or vascularity on digital subtraction angiography. In total, 23 patients were deemed to have experienced tumor progression, and 5 patients were deemed to have experienced no tumor progression. Single-factor analysis identified that HBsAg positivity and an NLR of >1.85 at the end of follow-up were risk factors for tumor progression among patients receiving TACE. Furthermore, the total number of TACE treatments received and the embolism volume were protective factors (Table VIII) . Multiple factor analysis failed to identify any statistically significant differences.
Discussion
CD151 was first identified on the surface of platelets by Ashman et al (25) in 1991 and was referred to as platelet-endothelial tetraspan antigen-3, the activation of which led to platelet aggregation. Later, cDNA for CD151 was isolated from the meganucleus metrocyte leukemia MO7e cell line and the adult T lymphocytic leukemia SF-HT cell line. In 1997, fluorescence in situ hybridization located the gene for CD151 on chromosome 11p15.5, and gene and protein analysis identified CD151 as part of the tetraspanin family (26, 27) . This molecule was nominated to join the CD molecular family at the 6th International Human Leucocyte Differentiation Antigen conference (28) and was designated CD151. CD151 is widely expressed in human tissues, including the myocardium, smooth muscle, skeletal muscle cells, endothelial cells, and immune-related Schwann cells and dendritic cells (29) . CD151 is now considered an important molecule that is involved in tumor progression. A previous study conducting in vivo, in vitro and clinical experiments has demonstrated that CD151 is involved in tumor progression at different levels (15); CD151 may impact the behaviour of tumor cells, assist tumor cells in communicating with neighbouring cells and the microenvironment, and regulate the events following tumor adhesion, including cell proliferation, migration and invasion, and the subsequent processes of infiltration and metastasis. These molecular mechanisms involved in cancer processes are based on the ability of CD151 to interact with integrins (α3β1, α6β1 and α6β4), growth factor receptors (hepatocyte growth factor receptor, epidermal growth factor receptor and transforming growth factor-β1 receptor) and MMPs (MMP-7, MMP-2 and MMP-9), which together are involved in the development of cancer (30) . The present study demonstrated that pre-TACE, CD151 expression had no statistical correlation with age, sex, hepatitis The NLR threshold of 1.85 was established according to a previous study (20) . The PLR threshold of 111.23 was established according to a previous study (21) . The platelet threshold of 118,000/µl or 212,000/µl was also established according to a previous study (22) . a P<0.05. CD, cluster of differentiation; TACE, transcatheter arterial chemoembolization; HBsAg, hepatitis B surface antigen; AFP, α-fetoprotein; HCC, hepatocellular carcinoma; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio. B status, vascular invasion, AFP, HCC type, TACE number received, NLR, PLR or platelet count. Post-TACE, CD151 expression in recurrent or metastatic liver cancer cases was significantly more increased compared with the increase observed in primary HCC cases, suggesting that the CD151 expression level is associated with distinct types of HCC following TACE treatment. The results of the present study suggested that CD151 is involved in the metastasis of HCC, which is consistent with the results of the study by Ke et al (15) . CD151 expression tended to exhibit a rapid increase within 5-7 days post-TACE, followed by a smaller increase between 5-7 and 30 days post-TACE. The rapid early increase in CD151 may indicate the invasive characteristics of tumor cells due to the ischemic anoxic environment. Univariate analysis identified that factors associated with tumor progression following a single TACE treatment included AFP, pre-TACE CD151 and post-TACE CD151. A previous study demonstrated that AFP may promote AKT phosphorylation through interaction with the phosphatase and tensin homolog protein, thereby increasing the expression of the C-X-C chemokine receptor type 4 (CXCR4) protein (also known as stromal-derived factor-1α) (31) . At the same time, mechanistic target of rapamycin enters the nucleus to combine with the CXCR4 gene promoter, which promotes the growth and metastasis of HCC (28) . CD151 was the first tetraspanin to be associated with tumor metastasis. The present study identified pre-TACE CD151 and post-TACE CD151 expression as risk factors for HCC progression following a single TACE treatment. The results also suggested that interactions may occur between CD151 and AFP. CD151 is able to upregulate MMP-9 through the phosphoinositide 3-kinase/Akt/glycogen synthase kinase-3β/snail signaling pathways (32) and form functional complexes with integrins α3β1 and α6β1 to 
Single-factor analysis
Multiple factor analysis promote tumor invasion and metastasis (33, 34) . However, no studies have focused on CD151 and AFP complex formation or signal interaction, which may serve as a promising focus of future research, particularly the genes and underlying molecular mechanisms involved. It has been demonstrated that VEGF expression increases with tumor angiogenesis, and a VEGF-A level of >16.7 pg/ml at 7 days post-TACE may serve as an independent criteria for the diagnosis of tumor growth, with a diagnostic sensitivity of 76% and specificity of 66.7% (12) , which may increase the risk of HCC metastasis (35) . The present study revealed that preoperative and 5-7 days postoperative CD151 expression levels were risk factors for HCC progression, and it was identified that a preoperative CD151 level of >0.3247 ng/ml and a postoperative CD151 level of >0.3146 ng/ml were sufficient to predict HCC progression with a sensitivity and specificity of 66.7 and 80%, and 94.4 and 80%, respectively. Furthermore, the AUC values were 0.753 and 0.761, respectively, revealing that the detection of CD151 may be used to predict the progression of HCC following TACE, with the diagnostic value of pre-and post-TACE almost equivalent to each other. In the patients with HCC exhibiting tumor progression, it was identified that CD151 expression levels at 5-7 days post-TACE were increased compared with pre-TACE levels; tumor progression slowed following a decrease in CD151 levels, and if CD151 fell below the pre-TACE level, the patient was likely to remain free of tumor progression. If the postoperative CD151 level decreased, the tumor was likely to maintain the same status as assigned previously, indicating that CD151 may serve an important role in the development of liver cancer following TACE. The expression of CD151 in comparison to the preoperative level may be used to predict tumor progression and monitor the effectiveness of TACE treatment.
Embolism volume was identified as a protective factor following a single TACE treatment and at the end of follow-up, regardless of the treatment the patient received. This finding indicates that intervention by physicians should maximize the embolism volume, which may be beneficial to patients with HCC. With an increase in the number of TACE treatments received, HCC final progression decreased, indicating that TACE did not promote invasion and metastasis of HCC.
The NLR is used as an indicator of the systemic inflammatory response and associates with the prognosis of a number Table VIII . Risk factors correlating with tumour progression at the end of follow-up, as assessed by logistic regression analysis.
Multiple factor analysis of tumors. Patients with a normal NLR post-TACE experience an increased survival time compared with those with an elevated NLR (median survival time, 17.5 and 8 months respectively). Furthermore, the 1-, 3-and 5-year survival rates of patients were improved in those with a normal NLR post-TACE. Previous ROC curve analysis demonstrated that when an NLR of 1.85 was used as the threshold, the NLR pre-TACE predicted the outcome of TACE treatment (20) . The present study confirmed this result, identifying that the NLR was one of the risk factors for the final progression of HCC.
Increased platelets are associated with the metastasis of a number of tumors. However, taking into account the development of liver cirrhosis, which is a disease process accompanied by a reduction in platelets, it is unclear whether the platelet count pre-TACE has any association with the patient's outcome. It has been demonstrated that patients with platelet counts of <118,000/µl exhibit a lower metastatic rate, while a platelet count of >212,000/µl is associated with tumor metastasis (22) . Furthermore, a lower PLR (≤111.23) is likely to result in an improved survival rate; the overall survival rate at 3 months was previously reported at 57.6 (≤111.23) vs. 37.6% (≥111.23) (21) . However, in the present study, no association between the platelet count and PLR and the expression of CD151 and tumor progression was identified, suggesting that platelets serve a weak role in the progression of HCC.
All patients included in the current study presented with large tumors (diameter between 8.5 and 13 cm) or recurrent HCC, which is likely to result in a poor prognosis. However, the patients were classified as Child-Pugh A and B, indicating relatively good liver function. According to the Barcelona Clinic Liver Cancer staging system (36), TACE treatment was recommended. Intention analysis was applied in the present study; patients who did not come to the hospital or who were not re-examined were regarded as deceased. The results indicated that with increasing time and TACE treatments, the mortality rate increased; however, the 1-year survival rate was ~32%, indicating satisfactory results of the treatment.
The present study was limited by the small sample size and differences between patients in disease characteristics. Additionally, the majority of the hepatic masses were large and a number of patients were lost to follow-up, which may have had a negative influence on the results. Furthermore, numerous factors may interact with one another during disease progression. It is also hypothesized that serum stored for 1 month may exhibit decreased expression of CD151, even if stored at -70˚C. Measurement error for ELISA may also exist in the experimental process.
To conclude, the present study identified that CD151 expression at 5-7 days post-TACE was increased compared with that observed pre-TACE, that CD151 expression pre-TACE and at 5-7 days post-TACE served as a risk factor for the progression of HCC, and that the CD151 level may be used to predict the progression of HCC, with optimal threshold values of >0.3247 ng/ml CD151 pre-TACE and >0.3146 ng/ml at 5-7 days post-TACE. The risk factors for HCC progression following a single TACE treatment included AFP, pre-TACE CD151 and post-TACE CD151, while the embolism volume served as a protective factor. The risk factors for final HCC progression included HBsAg positivity, a NLR of >1.85 and final TACE received, while the embolism volume served as a protective factor. The present study also provides insight into how to reduce the progression of HCC through inhibiting CD151. Whether this approach may be used in the management of HCC is worthy of further study.
